Introduction
The evaluation of patients with head injury is a common exercise for the emergency physician. Minor head injury represents the most common type of head injury assessed in the accident and emergency department (AED), constituting nearly 85% of head injury cases. 1 Minor head injury is commonly defined as Glasgow Coma Scale (GCS) score of 14-15. 2 Although most patients with minor head injury can be discharged without sequelae, a small portion of these patients will deteriorate and require neurosurgical intervention for intracranial haemorrhage. Emergency physicians have concerns in those patients with minor head injury who present with a GCS score of 14-15 but who eventually require emergency craniotomy or other neurosurgical interventions. GCS is widely used for the assessment of head injury, but some authors take the view that this scale is less useful to distinguish the milder types of injury. 3, 4 Therefore the aim of this study is to investigate some common clinical findings to identify those patients with minor head injury who are at increased risk of significant intracranial lesions.
Materials and methods
This was a case-control study conducted in the AED of Kwong Wah Hospital in Hong Kong. The Kwong Wah Hospital has a neurosurgical centre which caters for neurosurgery in the Kowloon West Cluster.
This study was based on retrospective chart review of patients who presented to the AED of Kwong Wah Hospital between 1st January 2004 and 31st March 2009. Eligible patients for the case group included those aged 12 years or above, with initial AED GCS score of 14 or 15, blunt head trauma and neurosurgical operation performed. Patients below 12, with penetrating cranial trauma or no clear history of trauma as the primary event were excluded from the study. Candidates for enrolment in the study were searched through the hospital electronic record database by the Clinical Data Analysis & Reporting System (CDARS). We searched through the diagnosis of head injury (including brain injury and skull fracture) and operative procedures related to the diagnosis code (including craniotomy, craniectomy, and elevation of skull fracture).
The control group was recruited in the same study site within the period from 1st January to 31st March 2009. It consisted of head injury patients with the same inclusion criteria of the case group except for neurosurgical operation. Patients attending the AED of Kwong Wah Hospital with or without admission were searched using the CDARS. Patients discharged from the AED were assumed to have no clinically important brain injury if they did not re-attend any hospital of the Hospital Authority within seven days of discharge. All case records were retrieved and reviewed by the author. If the patient was admitted, the discharge summary, CT brain report and operation record were reviewed as well. The findings of the neurosurgeons were used to resolve discrepancies in the history and physical examination data.
A literature review of the risk factors associated with the presence of intracranial lesions in minor head injury patients was carried out. [5] [6] [7] Clinical symptoms, signs or previous medical conditions were selected as risk factors to be analysed in minor head injury patients in the AED. These factors included age ≥65 years, severe headache, nausea, vomiting more than once, loss of consciousness (LOC), questionable LOC, posttraumatic amnesia, drop in GCS, confusion/ p<0.0001 p<0.0001 X p<0.0001 14 15
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LOC was coded as questionable LOC, LOC ≤5 minutes or LOC >5 minutes because qualified witnesses were not available in most situations to time the period of LOC. This was the most common method of documentation in the medical record. Cranial soft tissue injury was defined as trauma above the eyebrows and included minor lesions such as abrasions and small lacerations. Focal neurological signs were defined as unequal or asymmetrically reactive pupils, nystagmus or other abnormal eye movements, focal limb weakness, or Babinski's reflex. Facial injury was defined as any trauma below the eyebrows. Most patients with coagulopathy took oral anticoagulants.
Data were analysed by using the Number Cruncher Statistical System (NCSS) software 2007. We used univariate analysis to determine the strength of association between each clinical feature and the need for neurosurgical intervention. The relevance of the different variables and their influence on the need for neurosurgical intervention were presented as odds ratio (OR) with 95% confidence interval. We also used simple descriptive statistics to illustrate the prevalence of clinical warning signs in patients requiring urgent neurosurgical intervention.
Results
A total of 46 cases of head injury with operation done were retrieved from the electronic database, but 24 cases were excluded because the initial GCS was <14 (22 cases), wrong coding (1 case) and age <12 years old (1 case). The remaining 22 cases were included in the final analysis.
For the control group, a total of 302 patients were retrieved from the electronic database, but 5 cases were excluded as a result of wrong coding and 9 were excluded because the initial GCS was <14. A total of 9 cases of re-attendance within seven days were found, and 4 cases were admitted to hospital but subsequent CT brain showed no significant brain injury. Two cases were reassessed in the AED and discharged without subsequent return. Two patients re-attended for complaints not related to the episode of head injury. One patient was called back because of suspected neck injury on the X-ray of the cervical spine, and CT brain after admission showed subdural haematoma. Repeat CT brain showed static haematoma and the patient discharged herself with acknowledge of medical advice. In the control group, 7 patients were found to have intracranial haemorrhage. One had small epidural haemorrhage, 3 had subdural haemorrhage, 2 had subarachnoid haemorrhage and 1 sustained skull base fracture with intracerebral haemorrhage. All recovered with conservative treatment except for one with subdural haemorrhage who discharged himself with acknowledge of medical advice.
Overall, the mean age of the patients was 55 years (range 14-96) and 58% were males. The most common mechanism of injury was "slip and fall" followed by assault. Table 2 demonstrates the result of the univariate analysis of the association between individual clinical variables and the need for neurosurgical intervention.
The variables with strongest association included severe headache, vomiting more than once, drop in GCS, confusion/restlessness, focal neurological signs, palpable cranial deformity, bleeding from ear and skull fracture on the X-ray. Table 3 summarises the clinical features of the 22 patients who need neurosurgical intervention. More than 50% of the patients had drop in GCS within 24 hours. Over one-third of the patients experiencing severe headache had skull fracture on X-ray. 
Discussion
Minor head injury is one of the most common traumatic injuries encountered in the AED. Around two-thirds of the patients with head injury are classified as having minor head injury. Less than 10% of the patients with minor head injury have positive findings on the CT scan of the brain and less that 1% of them require surgery. 8 Although the need for surgical intervention in patients with minor head injury is rare, emergency physicians have concerns in failure to identify this group of patients. Several authors have suggested that the best neurological outcomes associated with early CT scan occur in patients who seem to be at low risk but harbour significant intracranial pathology. 9, 10 Prevention of their deterioration is of utmost importance.
In this study, the univariate analysis of clinical characteristics revealed many variables associated with the need for surgical intervention. In line with other studies, 6, 7 severe headache, vomiting more than once, drop in GCS, confusion/restless, focal neurological sign, palpable cranial deformity, bleeding from ear and skull fracture on the X-ray are significant clinical features for which physicians should be vigilant when assessing patients with minor head injury in the AED. The severity of headache was not defined in this study. It would be difficult to conclude headache as a significant finding, unless we assumed that all documented headache on the clinical records was severe and would alter the evaluation of the patients and the plan of management. Drop in GCS was one of the most important clinical predictors. It occurred in 54.5% of the patients who required surgical intervention. Unfortunately, it is not the usual presentation when the patient first attends the AED. Therefore, close observation for at least 24 hours, either in hospital or at home, should be mandatory. A reliable caregiver should be available for the discharged patient. Clear written instruction, such as a head injury card, should be given. Patients should be advised to come back should there be any sign of deterioration.
Focal neurological sign was found in only one patient and so was palpable cranial deformity. Although the associations were statistically significant, the results should be interpreted with caution. Skull fracture on the X-ray is another important feature to look for. It was significantly associated with intracranial haemorrhage and the need for surgical intervention. Hence, patients with skull fracture should be advised to proceed with CT imaging for further evaluation of intracranial injury.
Not surprisingly, LOC or amnesia alone is not an important clinical parameter to consider in assessing patients with minor head injury and GCS score of 14 or 15. Erick et al found in their study that the rate of abnormal CT findings for patients with GCS score of 15, history of LOC or amnesia and no symptoms or signs of depressed skull fracture, was very low. None of these patients in their study required medical or surgical interventions. 11 In the National Institute for Health and Clinical Excellence (NICE) guideline updated in September 2007, any amnesia or loss of consciousness since the injury without additional risk factors, namely, age ≥65, coagulopathy or dangerous mechanism of injury, does not warrant CT brain scan in the adult population.
For limitations, this study was carried out in a retrospective manner. We had little control over the data collection. Data on the AED record or in-hospital discharge summary might not be complete. The severity of headache could not be defined in advance in this study. Careful attention to the precise definitions of clinical predictors was essential. Also, Although this was a relatively small-scale retrospective study, it could serve as a template for further large prospective study for the validation of the risk factors.
In conclusion, patients with minor head injury presenting with GCS score of 14 or 15 in the AED rarely require neurosurgical intervention. We have found several risk factors significantly associated with neurosurgical intervention, namely, severe headache, vomiting more than once, drop in GCS, confusion, bleeding from ear and skull fracture on the X-ray. Emergency physicians should be cautious of these warning signs when assessing patients with minor head injury.
